SUMMARY Balloon dilatation of the aortic valve was attempted in 34 consecutive children aged 16 months to 17 years (median 7 years), weight range 9-60 (median 22) kg. Previous surgical valvotomy had been performed in two patients (twice in one of them). The valve was not crossed in one patient. In the remaining 33 patients the pressure difference between the left ventricle and the ascending aorta during systole was reduced from 71 (30) to 28 (19) mm Hg. In 24 patients recatheterisation 2-19 (mean 9) months later showed gradients that were similar to those immediately after balloon dilatation (35 (20) v 31 (20) mm Hg). The two patients with the highest residual gradients immediately after balloon dilatation showed a spontaneous reduction in gradient at repeat catheterisation, whereas the patient who had twice had previous surgical valvotomy showed an increase in gradient from 37 to 99 mm Hg over nine months and required aortic root replacement. Balloon dilatation was repeated in two patients and this caused a further reduction in gradient. New aortic regurgitation occurred in nine (27%) patients (grade I, 8; grade II, 1) and aortic regurgitation was exacerbated (grade I to II) in two of the nine with pre-existing aortic regurgitation. External iliac artery avulsion occurred in one (3%) patient and two (6%) required intravenous streptokinase because the femoral artery became occluded. There were no other complications. Open valvotomy was performed in the child in whom the valve was not crossed, but no other child required aortic valve operation.
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Balloon dilatation ofthe aortic valve gave reasonable short term palliation and was well tolerated. It is an alternative to surgical valvotomy for initial palliation of congenital aortic stenosis in many children. Relief given. Angiography of the ascending aorta was used to assess the grade of aortic regurgitation and also to confirm the diameter of the aortic valve. This was estimated from the known catheter dimension.
Aortic regurgitation was graded as follows: (I) "whiff" of regurgitated contrast without outlining of the left ventricular cavity; (II) left ventricular cavity outlined by contrast which was always of lower density than that in the ascending aorta; (III) left ventricular cavity outlined by contrast medium which was of equal density to that in the ascending aorta in more than three beats; (IV) equalisation of contrast density in the left ventricle and ascending aorta within three beats.
The left ventricle was entered retrogradely with an end hole catheter, usually over a guide wire. An exchange guide wire was 'introduced' to the'`left ventricle via this catheter. The soft tip ofthe wire was curled in the left ventricular cavity. The balloon catheter (Meditech, Surgimed, or Cook) was introduced directly over the wire without an arterial sheath. A catheter with an inflated balloon size at least 1 mm less than the measured aortic root diameter was selected. The balloon was usually 3 or 4 cm long, although we used longer balloons (5 5 or 8 cm) in large patients in the latter part of the study. The balloon was purged of air, positioned across the aortic valve, and then inflated 2-5 times by hand with dilute contrast medium, the aim being to abolish the "waist" in the partly inflated balloon. Two balloons, each of 15 mm diameter, were inflated simultaneously in one patient in whom the measured diameter of the aortic valve ring was 23 mm. The balloon catheter was then exchanged for the end hole catheter and the difference in pressure between the left ventricle and the ascending aorta was remeasured during systole. Ifthis was > 40 mm Hg, and a larger balloon with an inflated diameter less than or equal to the measured diameter of the aortic valve was available, the procedure was repeated with the larger balloon. Finally, aortography was repeated in the same projection as the initial aortogram. Haemostasis was achieved by digital pressure.
Results

IMMEDIATE RESULTS
The aortic valve was crossed retrogradely in all but one patient, who was the first-in the series. Heunderwent surgical valvotomy. In the remaining 33 patients, the mean peak to peak systolic pressure difference between the left ventricle and ascending aorta was 71 (30) mm Hg (mean (SD)) before and 28 (19) mm Hg (p < 0X001) immediately after balloon dilatation (fig 1) . In 13 patients we used sequential inflation of two balloons; the second was larger than the first. Four other patients had persisting gradients of > 40 mm Hg after the use of a single balloon but the next balloon size available was considered too large to be used safely. In the only patient with heart failure the systolic pressure difference between the left ventricle and ascending aoria was reduced from 46 to 12 mm Hg, and this was associated wit-h reductions in pulmonary artery systolic pressure and right atrial mean pressure from-70(to 48 and from 20 to 10 mm Hg respectively. There was no relation between age and the extent of gradient relief.
REPEAT CATHETERISATIONTo date'`4 patients -have -had repeat cardiac catheterisation 2-19, mean 9 (4) months after the initial procedure. These repeat studies were performed under general anaesthesia in eight patients and basal sedation in the remainder. The mean peak to peak 200 Two 13 (7) months. The patient with heart failure and pulmonary hypertension before balloon dilatation is now symptom free at eight months follow up. A 14 year old boy with presyncope and dyspnoea is now symptom free after reduction of the systolic pressure difference between the left ventricle and ascending aorta of from 118 to 8 mm Hg. Syncope has not recurred in a 12 year old boy who had had unsuccessful surgical valvotomy. However, follow up is short (two months) and any benefit conferred by balloon dilatation in this case is doubtful (systolic pressure difference between the left ventricle and ascending aorta was reduced from 36 to 22 mm Hg). Several other children, with no reported symptoms initially, now have "more energy". No child has had a worsening of symptoms since balloon dilatation.
Discussion
Balloon dilatation of the aortic valve significantly reduced the transvalvar systolic pressure gradient both immediately after dilatation and at medium term repeat catheterisation in an unselected consecutive series of children with congenital aortic valve stenosis. The procedure was well tolerated, and was not difficult technically, in contrast with the technical difficulties experienced with very small infants.8 The child in whom the aortic valve could not be crossed at catheterisation was the first patient in the series, and he is the only child to have had surgical aortic valvotomy in either hospital during the study.
COMPLICATIONS
Aortic regurgitation was induced or exacerbated in 11 (33%) patients. Our estimates of the severity of aortic regurgitation are fairly crude, but only one patient had worsening of the angiographic severity by more than one grade; the systolic pressure difference between the left ventricle and ascending aorta was concomitantly reduced from 97 to 13 mm Hg. Selection of balloon size is important in minimising the severity of aortic regurgitation after the procedure. In an experimental study in lambs, use of balloons with an inflated diameter of 120-150% of the aortic root diameter resulted in tears in the aortic valve and tears or haemorrhage or both in the anterior mitral valve leaflet, ventricular septum, and ascending aortic wall.9 Oversized balloons used intraoperatively in infants caused similar damage.'0 Local arterial complications were less common than those encountered after balloon dilatation of the aortic valve in infants, or after balloon dilatation for recoarctation of the aorta. Our only major local complication, which required iliofemoral arterial reconstructive surgery, was potentially avoidable. Although none of the children in this series lost leg pulses, in contrast with experience in infants,8 the use In theory any improvement could be confirmed either by estimating the aortic valve area or the pressure gradients. We did not attempt to measure the aortic valve area. An increase in aortic valve area after balloon dilatation has been calculated by others,9 using the original Gorlin formula for aortic valve area,'2 but in practice there are numerous problems in deriving accurate values. Firstly, the Gorlin formula'2 has never been validated in children. Secondly, it is difficult to measure cardiac output accurately."'4 Thirdly, even if accurate values for mean transvalvar gradient and cardiac index are available, it may not be valid to use the Gorlin formula to compare changes in valve area before and after balloon dilatation. The original formula'2 produces an apparent increase in aortic valve area for the same valve as cardiac output increases. Finally, when aortic regurgitation is present, a measurement of effective systemic cardiac output will underestimate the transvalvar aortic flow. If aortic regurgitation of different severity is present in the situations in which aortic valve area is to be compared, comparison of the values obtained will be further confused.
Transvalvar aortic systolic pressure gradients, on the other hand, are more easily measured than aortic valve area, although pressure in the ascending aortic rather than more peripheral systemic arterial pressure should be compared with left ventricular pressure." Systolic pressure differences between left ventricle and ascending aorta are more familiar to physicians, and a peak gradient of > 60 mm Hg is advocated as a criterion for surgical valvotomy in congenital aortic stenosis." In the series of Hossack et al,' assessment of the severity of aortic stenosis correlated better with the systolic pressure difference between the left ventricle and aorta than with calculated aortic valve area index, suggesting that the latter derived value did not provide additional information on the severity of disease in these patients.
Children in our study had all catheter gradients measured either under general anaesthesia or basal sedation. All but the child with heart failure had echocardiographic left ventricular shortening fraction within the normal range before and after balloon dilatation. While a transient reduction in cardiac output immediately after balloon dilatation might have contributed to a transient decrease in the systolic pressure differences between the left ventricle and ascending aorta, the persistence of this reduction at follow up catheterisation suggests a genuine improvement in the degree of obstruction.
COMPARISON WITH VALVOTOMY
Aortic valvotomy in childhood is a palliative procedure. Although initial operative mortality is low, and survival at 15 years may be as good as 80-87%,'-' freedom from reoperation or a serious residual lesion over this period is as low as 14%2 or 18%,' even in the most experienced surgical centres. Consequently, an alternative form of palliation which might delay, or occasionally avoid, the need for operation, while preserving the operative field, merits consideration. Our initial experience with balloon dilatation of the aortic valve suggests that the need for operation may be further delayed by repeat balloon dilatation in some patients.
The importance of aortic regurgitation induced or exacerbated by balloon dilatation is uncertain. After open valvotomy aortic regurgitation was an indication for surgery in 30-36% of patients who required reoperation.'' Thus provided that an oversized balloon is not used, the degree of aortic regurgitation induced by balloon aortic valvotomy may not be more than that induced by open surgical valvotomy.
With uncertainties about the natural history of congenital aortic stenosis in the era since the introduction of surgical intervention, automatic referral for open valvotomy of patients with congenital aortic stenosis and a peak systolic pressure gradient of > 60 mm Hg between the left ventricle and ascending aorta 5 is unappealing because it only achieves palliation. Some patients with such gradients will survive for many years without evident progression of the severity of their disease.' There were only two sudden deaths among 174 unoperated patients out of a total series of 218 patients with congenital aortic stenosis followed for a mean period of nearly nine years.' Both patients had been lost to follow up for nine and four years when they died suddenly. 
CONCLUSION
Balloon dilatation of the aortic valve in a consecutive unselected series of children with congenital aortic stenosis provided reasonable relief of obstruction without inducing severe aortic regurgitation. Other complications have been infrequent. The technique has already had a major impact on our clinical practice. The encouraging short and medium term results indicate continuation of this policy of balloon dilatation for clinically significant aortic stenosis in children, but longer follow up is essential.
